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Introduction
Currently, six tariff systems are used for electricity pricing in Korea. These systems were prepared for electricity rates according to the type of electricity consumption for various facility purposes, including residential, general, educational, industrial, agricultural, and street lighting usage (Kim, 2014) . For general, industrial, and educational facilities, rates differentiated by seasons and time zones are applied to electricity consumption to encourage the reasonable usage of energy through demand-side management. The rates differentiated by season are generally more expensive in the summer and winter while those differentiated by timezone are typically higher during hours of intense electricity demands during the day. For residential facilities, progressive rate system is applied according to electricity consumption volume. The last one is streetlight with a single tariff system. Power consumption patterns for general and industrial facilities will be different according to the types of workplaces (Kim, 2017) . On the other hand, electricity consumption patterns for residential facilities will not be significantly different. However, electricity consumption levels for residential facilities will be different according to several factors affecting the electricity consumption. For examples, electricity consumption levels for residential facilities are expected to be influenced by socio-demographic, dwelling characteristics and external factors such as climate and the energy use charges. Until now, several studies have been done that household electricity consumption is largely affected by demographic characteristics such as member E-mail address: min-jeong.kim@sm.ac.kr. of household and household income (Korea Energy Economics Institute, 2015) . However, most studies have been designed for overall households (Noh and Lee, 2013; . This study examines the characteristics and the determinants of household electricity consumption for only two groups, the lowest and the highest households. Especially, this study compares how different socio-demographic, dwelling, and electricity consumption characteristics of the lowest and the highest households are. Most previous research summarizes electricity consumption according to demographic characteristics of household and analyzes determinants of household electricity consumption, which are generally for whole households. We first divide households into quintiles using annual average electricity consumption volume and examine socio-demographic, dwelling, and electricity consumption characteristics of the lowest and the highest households. Next, we compare the differences in major determinants of the household electricity consumption for two household groups. This study is meaningful in that it compares and analyzes the characteristics and the factors affecting power consumption for two groups.
Theoretical background
The electricity tariff system for residential usage (Kim, 2014) was three-stage tariff system that reduced tariffs if the usage amount was high until the year 1972 and was converted into a single tariff system in 1973. However, a three-stage progressive rate system was introduced for the purpose of saving energy consumption and protecting the low-income class due to the surge in energy prices while experiencing the first oil shock in December 
Table 1
Major changes in electricity pricing structure for residential service (Shin, 1989; Yoon, 2011 Corporation, 2015b) . Table 1 shows the major changes in electricity pricing structure for residential use. According to the previous six-stage progressive rate system for residential usage shown in Table 2 , households using less than 100kWh of monthly electricity consumption in 2015 were 3 684 000 households, which was 16.7% of the total households. Korea Power Exchange research report (Korea Power Exchange, 2014) revealed that most of the first-stage customers using less than 100kWh were single-person households (42%), nonresidential customers (42%) and the proportion of low-income households among the first-stage customers is low. In reality, as the heating cost in winter increases due to high oil prices, lowincome and elderly households are more likely to use heating appliances such as electric plates. As a result, those households are increasingly burdened by the progressive rate system and original intention of progressive rate system for income redistribution was weakened (Energytimes, 2016) . Lee and Park (2008) analyzed the supporting and electricity saving effect for the low-income households on the progressive rate system. The results showed that the average monthly power consumption of the lowest income households is around 230kWh, which means the lowest income households are not the first-stage customers. In particular, approximately 40% of the households receiving national assistance are not the first-stage customers. However, the energy census conducted by the Korea Energy Economics Institute shows that the electricity consumption per household increases with the increase of the number of households, income, and residence in the city (Korea Energy Economics Institute, 2015) . The studies of factors affecting the electricity consumption of households have been done especially in overseas. Factors affecting electricity consumption per household are as follows: economic capacity (Druckman and Jackson, 2008; Cayla et al., 2011) , socio-demographic characteristics (Kaza, 2010; Jones et al., 2015) , dwelling characteristics (Kavousian et al., 2013) , housing location (Druckman and Jackson, 2008) , environment and climate characteristics (Kavousian et al., 2013) , and energy use charges (Nesbakken, 1999) .
The research of determinants affecting the electricity consumption has been carried out by analyzing the whole households. The analysis according to the household characteristics has not been done much. This study compares the characteristics and the determinants of household electricity consumption for the lowest and highest electricity consuming households.
Research methods
The data are drawn from a household energy consumption sample survey by Korea Energy Economics Institute (2015) . The Korea Energy Economics Institute conducted an interview survey of 2,250 households nationwide in order to establish data to identify the electricity consumption of the whole household sector. Electricity consumption by household characteristics, the number of appliances, the average capacity of appliances, and the average usage time of appliances are being investigated since 2008 and are being surveyed every year since 2009. The major survey items of the household energy consumption sample survey for 2015 are the physical characteristics of the dwelling, demographic characteristics, heating and cooling method, household income, monthly electricity consumption, the number of major household appliances, the average capacity of major home appliances, the average usage time of major home appliances, and the number of other home appliances (Korea Energy Economics Institute, 2015) . Major home appliances include TV, washing machine, air conditioner, electric fan, refrigerator and rice cooker. In this study, we divide annual electricity consumption into quintiles, and analyze characteristics of the first quintile with the lowest electricity consumption and the fifth quintile with the highest electricity consumption. First, we compare socio-demographic, dwelling, and electricity consumption characteristics of the first and fifth quintiles of electricity consumption. Next, we examine the effect of socio-demographic characteristics and electricity usage behavior on the actual electricity consumption of two groups of households. The methods used in this study are t-test, chi-square test, and multiple regression analysis, and R.3.3.2 is used for statistical analysis. Table 3 summarizes the socio-demographic characteristics of 504 households with the lowest power consumption and 504 households with the highest power consumption among the 2,520 household samples in 2015. From the results in Table 3 , the first and fifth quintiles of power consumption show statistically significant differences in all socio-demographic characteristics, except gender and household characteristics. Gender of household head in the first quintile does not significantly differ from that in the fifth quintile. However, Permana et al. (2015) argued that when the decisions about energy expenditure and control of energy consumption in the household were solely made by a woman, energy consumption tended to be the lowest. Few research results that sought to analyze household characteristics-related factors have been reported to date. 20's and 60's in the first quintile are relatively more than those in the fifth quintile. This results are the same as that the level of household electricity consumption of the elderly is far lower than that of people aged 0-59 (Fu et al., 2014) . The education level of the first quintile is relatively lower than that of the fifth quintile. There was no difference between the two groups in the occupations of regular workers. However, self-employed workers are relatively more distributed in the fifth quintile and temporary, daily and other workers are relatively more distributed in the first quintile. The average monthly income of the households is relatively high in the fifth quintile, household size in the fifth quintile is large, and the composition in the fifth quintile is more diverse. Table 4 summarizes the physical characteristics of the dwelling of the first and fifth quintiles of electricity consumption. The results show that there are statistically significant differences in all characteristics except the housing type. The percentage of residents who live in small & medium-size city of the first quintile is relatively higher than that of the fifth quintile, and the proportion of residents in the houses built before the 1990s of the first quintile is relatively higher than that of the fifth quintile. In the housing area, the first quintile households occupy a small area of less than 99m 2 than the fifth quintile households. The main heating system of the first quintile has a higher percentage of late night power use. For the cooling system, only the fan is largely used in the first quintile and both fan and air conditioner are mainly used in the fifth quintile.
Research results

General characteristics of two household groups
Electricity consumption characteristics of two household groups
In this study, we classify household appliances as living activities rather than individual household appliances in order to analyze the electricity consumption behavior of household. The study that classifies household electricity consumption by life behavior (Lim, 2016) shows that there are two types of classification: (1) cooking, hygiene, culture entertainment, residential environment (air conditioning, lighting), information and other, (2) cooling/heating, cooking, hygiene, entertainment, information. In this study, we compare the electricity consumption behavior of household using five types including cooking, hygiene, culture entertainment, residential environment, information from Lim (2016). Table 5 shows the household appliances classified by life behavior in Lim (2016) and corresponding household appliances of the household energy consumption sample survey (Korea Energy Economics Institute, 2015) .
The electricity consumption characteristics of the first and fifth quintiles are summarized in Table 6 . The annual power usage time is calculated by using the daily average usage time of the survey data. Since the annual power usage time of refrigerator Even in cooking and physical hygiene, the mean values of the fifth quintile are higher than those of the first quintile. In addition, the number of households using less than 100kWh per month in the first quintile is 100 and the number of households using more than 400kWh per month in the fifth quintile is 30.
Determinants of household electricity consumption of two household groups
Multiple regression has been used in order to analyze the determinants of power consumption. In the proposed regression model, the annual power consumption is used as a dependent value and socio-demographic, dwelling, power consumption characteristics are considered as independent variables, which considers as factors affecting the household power consumption. In this study, we separate two models according to the type of independent variables, since socio-demographic and dwelling characteristics are the nominal variables and power consumption characteristics are the ratio variables. First, the socio-demographic characteristics of the independent variables are composed of the age of household head, education level of household head, monthly average household income, household size, and composition of household. Next, the dwelling characteristics are composed of the housing area and the type of cooling. Finally, the power consumption characteristics consist of the number of household appliances, TV usage time, washing machine usage time, air conditioner usage time, refrigerator usage time, and rice cooker usage time. These are variables known to affect the household's energy consumption through previous research (Sanquist et al., 2012; Poznaka et al., 2015; Huang, 2015) . The two models can be expressed by the following Eqs. (1) and (2), respectively.
where EC : annual power consumption x 1 , . . . , x 7 : independent variables representing sociodemographic and dwelling characteristics y 1 , . . . , y 6 : independent variables representing power consumption characteristics a 0 , . . . , a 7 : regression coefficients corresponding to sociodemographic and dwelling characteristics c 0 , . . . , c 6 : regression coefficients corresponding to power consumption characteristics ε 1 , ε 2 : errors Before analyzing the determinants of power consumption in the first and fifth quintiles of electricity consumption, we calculate correlations between independent variables (socio-demographic, dwelling, and power consumption characteristics) in order to check multi-collinearity. Tables 7 and 8 show that the highest correlation coefficients between independent variables are −0.572 Table 7 Correlation analysis with independent variables (socio-demographic and dwelling characteristics).
(1) (2) (3) (4) (5) (6)
(1) 1 (2) −.572** (1) age of household head, (2) education level of household head, (3) monthly average household income, (4) household size, (5) composition of household, (6) housing area, (7) type of cooling. **p<.01.
Table 8
Correlation analysis with independent variables (electricity consumption characteristics).
(1) (2) (3) (4) (5)
(1) 1 (2)
.077** 1 (3)
.343** .031 1 (4)
.248** .093** .155** 1 (5)
.291** .132**
−.012
.044 1 (6)
.100**
−.013
.159** .064* .030 1
(1) number of household appliances, (2) TV usage time, (3) washing machine usage time, (4) air conditioner usage time, (5) refrigerator usage time, (6) rice cooker usage time. *p<.05, **p<.01.
(age and education level of household head) and 0.343 (number of household appliances and washing machine usage time), respectively. Therefore, there is no problem in using these independent variables in multiple regression analysis. Table 9 shows the socio-demographic and dwelling characteristics affecting the annual power consumption of the first and fifth quintiles of power consumption. First, regression model of the first quintile is significant (F=9.432, p=0.0000) and the explanatory power of the model is 11.8%. The variables that have a significant effect on annual electricity consumption are household size and type of cooling. Among these determinants, the household size (β = .146) is more influential than type of cooling (β = .116). Next, the result of the fifth quintile shows the p-value of the model is less than 0.04, it can also be concluded that the model has statistically significant predictive capability. However, the model explains 4% of variability in consumption. In the fifth quintile, the housing area (β = .137) is the only variable that had a significant effect on annual electricity consumption. As shown in Table 3 , among the first quintile households, the proportion of households with two or less persons is 51% and the proportion of households with single person is 18%, which is more than double the proportion of households in the fifth quintile. The reason why the household size has a strong influence on the power consumption in the first quintile is that the increase in the number of family members seems to be the largest increase in the power consumption because the proportion of single-person household is high. Another determinant is the type of cooling. This means that using an air conditioner rather than an electric fan consumes more power and using both consumes more power. The housing area is the only significant factor influencing the fifth quintile household. As the housing area is widened, the electricity facilities such as lighting and cooling system are increased. Therefore, it is expected that the housing area affects the electricity consumption more than the other factors in the fifth quintile households which already have a lot of electricity consumption. Table 10 shows the electricity consumption characteristics affecting the annual power consumption of the first and fifth quintiles of power consumption. First, regression model of the first quintile is significant (F=9.468, p=0.0000) and the explanatory power of the model is 10.3%. The number of household appliances, washing machine usage time, and refrigerator usage time are found to have significant effects on annual power consumption. Among these determinants, the washing machine usage time (β = .180) is the most influential. The p-value of all independent variables included in the fifth quintile regression model is less than 0.05 indicating that it is statistically significant and the model explain 4.7% of the variability in consumption. The number of household appliances (β = .176) is the only variable that has a significant effect on annual electricity consumption.
As a result of examining the effect of power consumption characteristics on annual electricity consumption, the number of household appliances is a significant determinant of both the first and fifth quintiles, which is the same as the previous study (McLoughlin et al., 2012) . However, only two factors (washing machine usage time and refrigerator usage time) among the household appliance usage time variables are significant determinants, and it is only in the first quintile group. These results are different from the previous study (Sanquist et al., 2012) in that the usage time of air conditioner, TV, and PC has a higher impact than that of washing machine. Therefore, there is a limit to explain the validity of the effect of the usage time of the appliance on the power consumption.
Conclusion
This study compares the characteristics and the determinants of household electricity consumption for the first and the fifth quintile of electricity consumption households through household energy consumption sample survey in 2015. The results show that the first quintiles households are different from the fifth quintile households in terms of their impact on power consumption as well as socio-demographic, dwelling, and electricity consumption characteristics. The specific results of this study are as follows: First, there is a significant difference between the first and fifth quintiles of power consumption in almost all items of socio-demographic, dwelling, and electricity consumption characteristics. That is, the fifth quintile households have a high ratio of middle-aged, high education, self-employed, high-income, more than four family members, residence in Seoul or metropolitan city, large housing area, and mixed type of cooling system, compared with the first quintile households. Mean values of electricity consumption characteristics in the fifth quintile is also higher than those in the first quintile. Second, the analysis for the factors affecting on power consumption shows that the household size is the most significant in the first quintile households and the housing area is statistically significant in the fifth quintile households. Also, the number of household appliances is a significant factor for both households. Most previous research analyzes characteristics and determinants of household electricity consumption, which are generally for whole households. This study is meaningful in that it compares and analyzes the characteristics and the factors affecting power consumption for the first and the fifth quintile of electricity consumption households.
Based on the above results, the following policy suggestions can be made. First, in the first quintile of power consumption, household income is low, household size is small, and power consumption is sensitive to the number of household. Therefore, it is necessary to maintain or strengthen the current low-income and large family discount system. Next, the fifth quintile power consumption households have a relatively large housing area, uses a large number of cooling systems, and the power consumption is sensitive to the housing area. This means that the larger the house, the more the cooling power is used. Therefore, it is necessary to make various policy efforts to expand the supply of air conditioners with high efficiency in order to strengthen the demand management for high electricity consuming households. Finally, as considering that heating uses a variety of energy sources such as briquette, oil, and gas besides electric power, it is necessary to examine policies to expand the current heating-oriented policy for supporting low-income households to cooling policy.
